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(57) ABSTRACT

A method for operating a system on chip includes receiving
an acceleration request signal generated upon execution of an
application program, in response to receipt of the acceleration
request signal, comparing a current usage of a central pro-
cessing unit (CPU) with a threshold value to generate a com-
parison signal, and performing switching between heteroge-
neous accelerators to accelerate a function executed by the
application program in response to the comparison signal.
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FIG. 6
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1
DATA PROCESSING SYSTEM AND METHOD
FOR SWITCHING BETWEEN
HETEROGENEOUS ACCELERATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)to
Korean Patent Application No. 10-2011-0087411 filed on
Aug. 30, 2011, the disclosure of which is incorporated by
reference in its entirety herein.

TECHNICAL FIELD

Embodiments of the present inventive concept relate to
technology for selecting an accelerator, and more particu-
larly, to a system-on-chip for selecting between a hardware
accelerator and a software accelerator and a method of oper-
ating the same.

DISCUSSION OF RELATED ART

Data processing systems which support multimedia
including graphics, audio, video, animation, games and text
include various types of accelerators such as an audio codec,
a video codec, a two-dimensional (2D) accelerator and/or a
three-dimensional (3D) accelerator.

These accelerators may be implemented in hardware or
software. A hardware accelerator uses dedicated hardware or
adedicated hardware device to perform some functions faster
than a central processing unit (CPU). In other words, the
hardware accelerator can accelerate the processing of certain
functions to high speeds without increasing the load on the
CPU. However, the hardware accelerator needs separate
hardware, which increases manufacturing cost.

A software accelerator can accelerate the processing of
functions with low power consumption and without requiring
separate hardware. However, the software accelerator may
reduce the operating speed or the response speed of a data
processing system operating with a large load.

SUMMARY

According to an exemplary embodiment of the present
inventive concept, a method for operating a system-on-chip
includes receiving an acceleration request signal generated
upon execution of an application program, in response to
receipt of the acceleration request signal, comparing a current
usage of a central processing unit (CPU) with a threshold
value to generate a comparison signal, and performing
switching between heterogeneous accelerators to accelerate
multimedia function executed by the application program in
response to the comparison signal.

The heterogeneous accelerators may include a hardware
accelerator implemented as a hardware device and a software
accelerator implemented as a program code configured to be
executed by the CPU, and the software accelerator may be
loaded from a memory to the CPU and then executed.

The comparing and generating may occur when a default
accelerator for the application program is the hardware accel-
erator and the hardware accelerator is currently operating.

Alternatively, the comparing may occur when the default
accelerator for the application program is the software accel-
erator.

The current usage may be an idle time of the CPU.

Alternatively, the current usage may be one of an operating
voltage of the CPU and an operating frequency of the CPU.
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According to an exemplary embodiment of the present
inventive concept, a method for operating a system-on-chip
includes receiving an acceleration request signal generated
upon execution of an application program, determining
whether a default accelerator for accelerating a function
executed by the application program is a hardware accelerator
or a software accelerator implemented as a program execut-
able by a CPU in response to the acceleration request signal,
comparing a current usage of the CPU with a threshold value
to generate a comparison signal when it is determined that the
default accelerator is the software accelerator or is the hard-
ware accelerator that is currently accelerating a different
function, and switching the default accelerator with a non-
default accelerator based on the comparison signal.

The determining may be performed based on accelerator
information stored in a table.

According to an exemplary embodiment of the present
inventive concept, a system-on-chip includes heterogeneous
accelerators and a CPU configured to execute an accelerator
controller module which generates a comparison signal for
switching between the heterogeneous accelerators for accel-
eration of a function executed by an application program.

The accelerator controller module may compare a current
usage of the CPU with a threshold value to output the com-
parison signal. The heterogeneous accelerators may include a
hardware accelerator implemented as a hardware device and
a software accelerator implemented as computer program
code that is configured to be executed by the CPU. The
software accelerator may be loaded from a memory to the
CPU and then executed.

When the hardware accelerator is set as a default accelera-
tor for accelerating the function and is accelerating a different
function, the accelerator controller module may switch the
hardware accelerator with the software accelerator to accel-
erate the function based on the comparison signal generated
when an idle time of the CPU that corresponds to the current
usage is greater than the threshold value.

When the software accelerator is set as the default accel-
erator for accelerating the function, the accelerator controller
module may switch the software accelerator with the hard-
ware accelerator to accelerate the function based on the com-
parison signal generated when the idle time of the CPU that
corresponds to the current usage is less than the threshold
value.

Alternatively, when the hardware accelerator is set as the
default accelerator for accelerating the function and is cur-
rently accelerating a different function, the accelerator con-
troller module may switch the hardware accelerator with the
software accelerator to accelerate the function based on the
comparison signal generated when an operating frequency of
the CPU that corresponds to the current usage is lower than
the threshold value.

Alternatively, when the software accelerator is set as the
default accelerator for accelerating the function, the accelera-
tor controller module may switch the software accelerator
with the hardware accelerator to accelerate the function based
on the comparison signal generated when an operating fre-
quency of the CPU that corresponds to the current usage is
higher than the threshold value.

The current usage may be an idle time of the CPU or may
be at one of an operating voltage of the CPU and an operating
frequency of the CPU.

According to an exemplary embodiment of the present
inventive concept, a portable device includes a non-volatile
memory configured to store multimedia data, a display, het-
erogeneous accelerators, and a CPU configured to execute an
accelerator controller module which generates a comparison
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signal for switching between the heterogeneous accelerators
for acceleration of processing the multimedia executed by an
application program.

The accelerator controller module may compare a current
usage of the CPU with a threshold value to output the com-
parison signal. The selected accelerator displays accelerated
multimedia data through the display. The heterogeneous
accelerators may include a hardware accelerator imple-
mented as a hardware device and a software accelerator
implemented as computer program code that can be executed
in the CPU. The software accelerator may be loaded from a
memory to the CPU and then executed.

According to an exemplary embodiment of the present
inventive concept, a system-on-chip includes a hardware
accelerator, a memory configured to store an application pro-
gram, an accelerator controller module and a software accel-
erator, and a CPU configured to control the hardware accel-
erator and the memory and execute the application program,
the accelerator control module, and the software accelerator.
Uponreceipt by the accelerator controller module of an accel-
eration request signal generated by the application program,
the accelerator controller module determines whether a
default accelerator for accelerating a function executed by the
application program is the hardware accelerator or the soft-
ware accelerator. The accelerator controller module com-
pares a current usage of the CPU with a threshold value to
generate a comparison signal when it is determined that the
default accelerator is the software accelerator or is the hard-
ware accelerator that is currently accelerating different func-
tion, and switch the default accelerator with a non-default
accelerator according to the comparison signal.

The accelerator controller module may determine the
default accelerator based on accelerator information about
the default accelerator.

The accelerator controller module may adjust the threshold
value based on information input from a user input interface.

According to an exemplary embodiment of the present
inventive concept, a method for operating a system-on-chip
includes receiving, at an accelerator controller module, an
acceleration request signal generated upon execution of an
application program, reading, at the accelerator controller
module, accelerator information from a table in response to
the acceleration request signal, and selectively driving, by the
accelerator controller module, one of a hardware accelerator
implemented as a hardware device or a software accelerator
implemented as a computer program code to accelerate a
function executed by the application program, based on the
accelerator information. The accelerator information indi-
cates which among the hardware accelerator and the software
accelerator has a shorter acceleration time.

According to an exemplary embodiment of the present
inventive concept, a method for operating a system-on-chip
includes receiving a change signal, determining whether the
change signal is an instruction to select a default accelerator
selected based on power consumption or an instruction to
select a default accelerator selected based on performance,
referring to accelerator information stored in a table based on
a result of the determination, and driving one of a hardware
accelerator or a software accelerator that is set as the default
accelerator based on the accelerator information, the hard-
ware accelerator implemented as a hardware device, and the
software accelerator implemented as computer program code
executable by a CPU.

The method may further include when the change signal is
an instruction to select the default accelerator selected based
on the power consumption, comparing a current usage of the
CPU with a threshold value to generate a comparison signal,
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and switching the default accelerator with a non-default
accelerator based on the comparison signal.

A system-on-chip (SOC) according to an exemplary
embodiment of the inventive concept includes a bus, a CPU
interfaced with the bus, a hardware accelerator interfaced
with the bus and configured to accelerate a function using
hardware, and a memory interfaced with the bus. The
memory includes a software accelerator and the accelerator
control module. The software accelerator is configured to
accelerate the same function using software. The accelerator
control module is configured to select one of the hardware
accelerator and the software accelerator to accelerate the
function for an application program in response to a request
for acceleration by the application program. The accelerator
control module selects the hardware accelerator if a default
parameter within the SOC is set to the hardware accelerator
and the hardware accelerator is not currently operating, and
other selects one of the hardware accelerator and software
accelerator based on a comparison of a usage parameter of the
CPU with a threshold value.

In an embodiment, the usage parameter is an amount of
time the CPU is idle. In this embodiment, the accelerator
control module selects the hardware accelerator when the
amount is less than the threshold value and selects the soft-
ware accelerator otherwise.

In an embodiment, the usage parameter is an operating
frequency of the CPU. In this embodiment, the accelerator
control module selects the hardware accelerator when the
operating frequency is greater than the threshold value and
selects the software accelerator otherwise.

In an embodiment, the usage parameter is an operating
voltage of the CPU. In this embodiment, the accelerator con-
trol module selects the hardware accelerator when the oper-
ating voltage is greater than the threshold value and selects the
software accelerator otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present inventive concept will become
more apparent by describing in detail exemplary embodi-
ments thereof with reference to the attached drawings in
which:

FIG. 1 is a block diagram of a data processing system
according to an exemplary embodiment of the present inven-
tive concept;

FIG. 2 is a block diagram for explaining the operations of
the data processing system illustrated in FIG. 1;

FIG. 3 is aconceptual diagram for explaining the switching
between a hardware accelerator and a software accelerator
according to an exemplary embodiment of the present inven-
tive concept;

FIG. 4 is a flowchart of a method of selecting a default
accelerator for an application program based on power con-
sumption according to an exemplary embodiment of the
present inventive concept;

FIG. 5 shows an example of a table including selection
information of a default accelerator that is set for an applica-
tion program according to the method illustrated in FIG. 4;

FIG. 6 is a flowchart of an operation method of the data
processing system illustrated in FIG. 1 according to an exem-
plary embodiment of the present inventive concept;

FIG. 7 is a flowchart of an operation method of the data
processing system illustrated in FIG. 1 according to an exem-
plary embodiment of the present inventive concept;

FIG. 8 is a flowchart of an operation method of the data
processing system illustrated in FIG. 1 according to an exem-
plary embodiment of the present inventive concept;
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FIG. 9 is a flowchart of a method of selecting a default
accelerator for an application program based on performance
according to an exemplary embodiment of the present inven-
tive concept; and

FIG. 10 is a flowchart of an operation method of the data
processing system illustrated in FIG. 1 according to an exem-
plary embodiment of the present inventive concept.

DETAILED DESCRIPTION

The present inventive concept now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the inventive con-
cept are shown. This inventive concept may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. In the
drawings, the size and relative sizes of layers and regions may
be exaggerated for clarity. Like numbers refer to like elements
throughout.

It will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.

An accelerator used herein may be any of the accelerators
described below.

In at least one embodiment of the inventive concept, a
video codec that can be implemented as a hardware accelera-
tor or software accelerator indicates a device or software that
can compress and/or decompress digital video.

In at least one embodiment of the inventive concept, an
audio codec that can be implemented as a software accelera-
tor indicates a computer program that realizes an algorithm
for compressing and/or decompressing digital audio data in
accordance with a given audio file format or streaming audio
format.

In at least one embodiment of the inventive concept, an
audio codec that can be implemented as a hardware accelera-
tor indicates a device that can encode analog audio into digital
signals and decode digital signals into analog audio.

In at least one embodiment of the inventive concept, a
download accelerator or download manager that can be
implemented as a software accelerator indicates dedicated
software for downloading.

In at least one embodiment of the inventive concept, a
graphics processing unit or graphics accelerator that can be
implemented as a hardware accelerator indicates a dedicated
graphics rendering device. In at least one embodiment of the
inventive concept, an accelerator or a library that can be
implemented as a software accelerator indicates a library for
storing function or programs for the graphics processing unit.

In at least one embodiment of the inventive concept, a
cryptographic accelerator that can be implemented as a hard-
ware accelerator or software accelerator indicates a device or
software that can perform encrypting and/or decrypting. In at
least one embodiment of the inventive concept, a web accel-
erator that can be implemented as a hardware accelerator
indicates a proxy server that can access websites quickly.

An MP3 player or an MP4 player can be implemented in
hardware or software. A two-dimensional (2D) accelerator or
a three-dimensional (3D) accelerator can also be imple-
mented in hardware or software.

Apart from the above-described accelerators, accelerators
that can accelerate processing of or the display of multimedia
data canbe implemented in hardware or software. In addition,
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examples of an accelerator may also include an audio
encoder, an audio decoder, a video encoder, and a video
decoder.

In at least one embodiment of the inventive concept, a data
processing system includes heterogeneous accelerators, e.g.,
at least one hardware accelerator and at least one software
accelerator, and switches between the heterogeneous accel-
erators based on a comparison signal that indicates a result of
comparing a current usage of a CPU with a reference usage
(e.g., a threshold value). For example, if a software accelera-
tor is currently being used for encrypting data, the system can
switch to using a hardware accelerator for the encrypting
based on how the current usage compares the threshold value.

FIG. 1 is a block diagram of a data processing system 1
according to exemplary embodiment of the present inventive
concept. The data processing system 1 may be a cellular
phone, a smart phone, a tablet personal computer, a personal
digital assistant (PDA), an enterprise digital assistant (EDA),
a digital still camera, a digital video camera, a portable mul-
timedia player (PMP), a personal navigation device or por-
table navigation device (PND), a handheld game console, a
handheld device such as an e-book, a personal computer, etc.

The data processing system 1 includes a system-on-chip
(SoC) 10, a memory 21, and a display 26. The SoC 10, the
memory 21 and the display 26 may be implemented in or on
a system printed circuit board (PCB).

The SoC 10 includes a CPU 12, a read-only memory
(ROM) 14, a random access memory 16, a hardware accel-
erator 18, an input/output (I/O) interface 20, a bus 22 and a
display controller 24.

The CPU 12 that may be referred to as a processor and may
process or execute programs and/or data stored in the ROM
14 or the RAM 16. The CPU 12 may process or execute the
programs and/or data in response to a clock signal output
from a clock signal generator (not shown).

The CPU 12 may be implemented as a multi-core proces-
sor. The multi-core processor is a single computing compo-
nent that substantially includes two or more independent
processors (referred to as cores) each of which can read and
execute program instructions. The multi-core processor can
drive a plurality of accelerators at a time. Accordingly, a data
processing system including the multi-core processor can
perform multi-acceleration.

The programs and/or data stored in the ROM 14 or the
RAM 16 may be loaded to a memory, e.g., a cache memory,
of'the CPU 12.

The ROM 14 may store permanent programs and/data. The
ROM 14 may be implemented by an erasable programmable
ROM (EPROM) or electrically erasable programmable ROM
(EEPROM).

The RAM 16 may temporarily store programs, data or
instructions. For instance, programs and/or data stored in the
memory 14 or 21 may be temporarily stored in the RAM 16
under the control of the CPU 12 or a booting code stored in the
ROM 14. The RAM 16 may be implemented by dynamic
RAM (DRAM) or static RAM (SRAM).

The hardware accelerator 18 may be a hardware device or
a co-processor that can improve the performance of process-
ing multimedia (or multimedia data) such as text, audio, still
images, animation, video, 2D data or 3D data.

For clarity of the description, only one hardware accelera-
tor 18 is illustrated in FIG. 1, but the SoC 10 may include one
or more hardware accelerators. For example, when multiple
hardware accelerators are available, each application pro-
gram can make use of its own hardware accelerator, or sev-
eral.
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The SoC 10 and the memory 21 communicate data with
each other through the 1/O interface 20. The memory 21 may
store programs, functions, and/or multimedia data to be pro-
cessed by the CPU 12. The memory 21 may be implemented
by a non-volatile memory. The non-volatile memory may be
a flash memory or a resistive memory. In an embodiment, the
1/0 interface 20 is implemented as a memory controller. The
elements 12, 14, 16, 18, 20 and 24 of the SoC 10 may com-
municate with one another through a bus 22.

The display controller 24 may control the operation of the
display 26 and may display multimedia data that have been
accelerated (or processed) by a software accelerator loaded to
CPU 12 or the hardware accelerator 18.

FIG. 2 is a block diagram for explaining the operations of
the data processing system 1 illustrated in FIG. 1. FIG. 3 is a
conceptual diagram for explaining the switching between a
hardware accelerator and a software accelerator according to
exemplary embodiment of the present inventive concept.
Referring to FIGS. 1 through 3, an operating system (OS) of
the CPU 12 controls the overall operation of the CPU 12. For
instance, when an application program (or a multimedia
player) 12-1 is loaded to a memory of the CPU 12 and then
executed, the application program 12-1 generates an accel-
eration request signal ACC_REQ. In at least one embodi-
ment, when the application program 12-1 is executed or
selected by a user, the application program 12-1 is loaded to
the RAM 16 and then loaded to the memory of the CPU 12.

Programs 12-1 through 12-6 may be loaded from the
memory 14 or 21 to the RAM 16. An accelerator controller
module (or accelerator control code) 12-2 that has been
loaded to the RAM 16 is loaded to the memory of the CPU 12
through the bus 22. A table 12-3 that has been loaded to the
RAM 16 is loaded to the memory of the CPU 12.

In response to the acceleration request signal ACC_REQ,
the accelerator controller module 12-2 determines whether a
default accelerator set as default to accelerate a function (e.g.,
a function to process multimedia data, encrypt data, decrypt
data, render graphics, speed up web-browsing, etc.) executed
by the application program 12-1 is the hardware accelerator
implemented by a hardware device or a software accelerator
implemented as a computer program executable by the CPU
12.In an embodiment, the accelerator controller module 12-2
determines the default accelerator with reference to accelera-
tor information stored in the table 12-3.

For instance, when the default accelerator set for the appli-
cation program 12-1 is the hardware accelerator 18, a hard-
ware accelerator driver 12-5 that has been loaded to the RAM
16 is loaded to the CPU 12 based on a control (or control
signal) ACC_CTR of the accelerator controller module 12-2.
The hardware accelerator 18 operates according to the control
of the hardware accelerator driver 12-5. Accordingly, the
hardware accelerator 18 accelerates the function requested
(or executed) by the application program 12-1 and transmits
the accelerated data (e.g., accelerated multimedia data) to the
display 26 through the display controller 24.

However, when the default accelerator for the application
program 12-1 is the software accelerator, a software accel-
erator 12-4 that has been loaded to the RAM 16 is loaded to
the CPU 12 based on a control ACC_CTR of the accelerator
controller module 12-2. The software accelerator 12-4 loaded
to the CPU 12 is executed or driven based on a control (or
control signal) ACC_CTR of the accelerator controller mod-
ule 12-2. Accordingly, the software accelerator 12-4 acceler-
ates the function requested (or executed) by the application
program 12-1 and transmits the accelerated data to the display
26 through the display controller 24.
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FIG. 4 is a flowchart of a method of selecting a default
accelerator for an application program based on power con-
sumption according to an exemplary embodiment of the
present inventive concept. FIG. 5 shows an example of the
table 12-3 including selection information of a default accel-
erator that is set for an application program according to the
method illustrated in FIG. 4.

Referring to FIGS. 4 and 5, when accelerator setting starts,
the accelerator controller module 12-2 loaded to the CPU 12
measures (or estimates) power Phw consumed when a hard-
ware accelerator allocated for a first application program
APP1 is executed in operation S10. The accelerator controller
module 12-2 also measures (or estimates) power Psw con-
sumed when a software accelerator allocated for the first
application program APP1 is executed in operation S20. In
the embodiment illustrated in FIG. 4, operation S10 is per-
formed before operation S20, but operation S20 may be per-
formed prior to operation S10 in other embodiments.

The power consumption of a hardware accelerator may be
determined from power consumption parameters of the hard-
ware used in the hardware accelerator and the amount of time
the hardware accelerator is run. For example, if one type of
hardware accelerator uses 1 watt per second, and typically
runs 1 second when accelerating the first application program
APP1, 1 watt would be the estimated power consumption
Phw. In another embodiment, the computer system in which
the accelerator is run includes a sensor that detects an amount
of power consumed by the computer system during a given
period of time. For example, if 1 watt of power is consumed
during a 1 second period without an accelerator running, and
a subsequent 1 second period consumes 1.5 watt with the
accelerator running, it can be inferred that the accelerator is
responsible for 0.5 watts of power consumption. The accel-
erator controller module 12-2 may be configured to access
data recorded by the sensor to estimate the power consump-
tion. However, embodiments of the inventive concept are not
limited any particular method of calculating power consump-
tion.

The accelerator controller module 12-2 compares the
power consumption Phw of the hardware accelerator allo-
cated for the first application program APP1 with the power
consumption Psw ofthe software accelerator allocated for the
first application program APP1 in operation S30. For
instance, when the power consumption Psw of the software
accelerator is greater than the power consumption Phw of the
hardware accelerator in operation S30, the accelerator con-
troller module 12-2 selects the hardware accelerator, i.e.,
ACChw for the first application program APP1 as the default
accelerator, i.e., ACCdef_pow in operation S40.

However, when the power consumption Psw of the soft-
ware accelerator is not greater than the power consumption
Phw of the hardware accelerator in operation S30, the accel-
erator controller module 12-2 selects the software accelera-
tor, i.e., ACCsw for the first application program APP1 as the
default accelerator ACCdef_pow in operation S50.

In other words, the accelerator controller module 12-2
selects an accelerator that consumes less power between the
software accelerator and the hardware accelerator as the
default accelerator for the first application program APP1.

The accelerator controller module 12-2 stores in the table
12-3 information SI about the accelerator selected in opera-
tion S40 or S50 in operation S60.

When the SoC 10 illustrated in FIG. 1 includes “n” appli-
cation programs (where “n” is a natural number), “n” hard-
ware accelerators and “n” software accelerators, as described
with reference to FIG. 4 the accelerator controller module
12-2 may select a default accelerator for each of the “n”
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application programs based on power consumption and store
the information SI about the selected accelerator in the table
12-3.

As illustrated in FIG. 5, the accelerator controller module
12-2 selects the hardware accelerator ACChw as the default
accelerator for the first application program APP1 and stores
the accelerator information SI, e.g., 1, in the table 12-3.

The accelerator controller module 12-2 selects the hard-
ware accelerator ACChw as a default accelerator for a second
application program APP2 and stores accelerator information
S e.g., 1, in the table 12-3. The accelerator controller module
12-2 selects the software accelerator ACCsw as a default
accelerator for a third application program APP3 and stores
accelerator information SI, e.g., 0, in the table 12-3. The
accelerator controller module 12-2 selects the software accel-
erator ACCsw as a default accelerator for an n-th application
program APPn and stores accelerator information SI, e.g., 0,
in the table 12-3.

The table 12-3 including the accelerator information SI
may be stored in the ROM 14 or the memory 21. The table
12-3 stored in the ROM 14 or the memory 21 may be loaded
to the RAM 16 every time when the SoC 10 is booted or a
particular application program is executed and then loaded to
the memory of the CPU 12, so that the table 12-3 can be
referred to by the accelerator controller module 12-2.

FIG. 6 is a flowchart of an operation method of the data
processing system 1 illustrated in FIG. 1 according to an
exemplary embodiment of the present inventive concept. The
operation method illustrated in FIG. 6 relates to switching a
default accelerator with a non-default accelerator based on
the performance of each accelerator in a state where either a
hardware accelerator or a software accelerator has been set as
a default accelerator based on power consumption.

Referring to FIGS. 1, 2, 5 and 6, when the first application
program APP1 (i.e., 12-1) is executed, the accelerator con-
troller module 12-2 receives the acceleration request signal
ACC_REQ generated by the first application program 12-1 in
operation S110.

The accelerator controller module 12-2 reads the accelera-
tor information SI of the first application program 12-1 from
the table 12-3 in response to the acceleration request signal
ACC_REQ), and therefore, the accelerator controller module
12-2 detects or determines the default accelerator that can
accelerate a function executed by the first application pro-
gram 12-1 based on the accelerator information SI.

In response to the acceleration request signal ACC_REQ,
the accelerator controller module 12-2 compares a current
usage (workload) of the CPU 12 with a reference usage
(workload) and generates a comparison signal according to a
comparison result in operation S112. The comparison signal
may be used as a signal (e.g., ACC_CTR) for switching
between heterogeneous accelerators (i.e., the hardware accel-
erator 18 and the software accelerator 12-4).

According to the comparison signal, the accelerator con-
troller module 12-2 may switch the default accelerator (e.g.,
the hardware accelerator ACChw) set as default for the first
application program 12-1 with a non-default accelerator (e.g.,
the software accelerator ACCsw) for the first application pro-
gram 12-1 in operation S114 and drive the non-default accel-
erator in operation S116. Accordingly, the non-default accel-
erator accelerates a function or the processing of multimedia
data corresponding to the first application program 12-1.

In another embodiment, when the third application pro-
gram APP3 is executed, the accelerator controller module
12-2 receives an acceleration request signal generated by the
third application program APP3 in operation S110.
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Inresponse to the acceleration request signal, the accelera-
tor controller module 12-2 reads the accelerator information
SI of'the third application program APP3 from the table 12-3,
and therefore, the accelerator controller module 12-2 detects
or determines the default accelerator that can accelerate a
function executed by the third application program APP3
based on the accelerator information SI.

Inresponse to the acceleration request signal, the accelera-
tor controller module 12-2 compares a current usage (work-
load) of the CPU 12 with a reference usage (workload) in
operation S112. According to a comparison result, the accel-
erator controller module 12-2 switches the default accelerator
(e.g., the software accelerator ACCsw) set as default for the
third application program APP3 with a non-default accelera-
tor (e.g., the hardware accelerator ACChw) for the third appli-
cation program APP3 in operation S114 and drives the non-
default accelerator in operation S116. Accordingly, the non-
default accelerator accelerates the function corresponding to
the third application program APP3. In other words, the accel-
erator controller module 12-2 compares the accelerators 18
and 12-4 with each other in performance and switches
between the heterogeneous accelerators 18 and 12-4 based on
the comparison result in operation S114.

The current usage and the reference usage may be an idle
time ofthe CPU 12 or may be at least one among the operating
voltage of the CPU 12 and the operating frequency of the CPU
12.

The operation method illustrated in FIG. 6 will be
described in detail with reference to FIGS. 7 and 8. FIG. 7 is
a flowchart of an operation method of the data processing
system 1 illustrated in FIG. 1 according to an exemplary
embodiment of the present inventive concept. As described
above, the default accelerator ACCdef is the accelerator that
has been decided based on a result of comparing power con-
sumption of a hardware accelerator with power consumption
of a software accelerator.

Referring to FIGS. 1, 2 and 7, when the accelerator con-
troller module 12-2 receives the acceleration request signal
ACC_REQ generated by arequestor, e.g., the first application
program 12-1 in operation S210, the accelerator controller
module 12-2 detects whether the default accelerator ACCdef
for accelerating a function executed by the first application
program 12-1 is a hardware accelerator ACChw (i.e., the
hardware accelerator 18) or a software accelerator ACCsw
(i.e., the software accelerator 12-4) based on the accelerator
information SI stored in the table 12-3 in operation S212.

When the default accelerator ACCdef is the hardware
accelerator ACChw, the accelerator controller module 12-2
determines a current state of the hardware accelerator
ACChw, that is, whether the hardware accelerator ACChw is
accelerating other functions in operation S214. For example,
the hardware accelerator ACChw could be currently acceler-
ating a function (e.g., a function for rendering graphics, web-
browsing, etc.) for another application program.

When the hardware accelerator ACChw is not operating at
the moment, the accelerator controller module 12-2 drives the
hardware accelerator ACChw using the hardware accelerator
driver 12-5 in operation S216. However, if the hardware
accelerator ACChw is operating at present, that is, when the
hardware accelerator ACChw is accelerating a function cor-
responding to a different application program, the accelerator
controller module 12-2 judges a current usage of the CPU 12
and determines whether to use the hardware accelerator
ACChw or the software accelerator ACCsw according to a
judging result in operation S218.

In an exemplary embodiment, the accelerator controller
module 12-2 checks or calculates a current idle time Idle_cur
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corresponding to the current usage of the CPU 12 in operation
S220. When the idle time decreases, a load on the CPU 12
increases.

The accelerator controller module 12-2 compares the cur-
rent idle time Idle_cur with a threshold (or reference) idle
time Idle_thr corresponding to a reference usage in operation
S222.

When the current idle time Idle_cur is less than the thresh-
old idle time Idle_thr, the accelerator controller module 12-2
waits for the operation of the hardware accelerator ACChw to
complete in operation S224 and then executes the hardware
accelerator driver 12-5. In other words, the accelerator con-
troller module 12-2 does not select the software accelerator
ACCsw but selects the hardware accelerator ACChw to avoid
overload on the CPU 12. Accordingly, the hardware accelera-
tor driver 12-5 starts the hardware accelerator ACChw to
accelerate a function corresponding to the first application
program 12-1 in operation S216.

However, when the current idle time Idle_cur is not less
than the threshold idle time Idle_thr in operation S222, the
accelerator controller module 12-2 determines whether the
software accelerator ACCsw is currently operating in opera-
tion S226.

When it is determined that the software accelerator ACCsw
is not operating at present, the accelerator controller module
12-2 starts the software accelerator ACCsw in operation
S228. However, when it is determined that the software accel-
erator ACCsw is operating at present, that is, when the soft-
ware accelerator ACCsw is accelerating a function corre-
sponding to a different application program, the accelerator
controller module 12-2 waits for the software accelerator
ACCsw to complete the current operation in operation S230.
Thereafter, according to the control ACC_CTR of the accel-
erator controller module 12-2, the software accelerator
ACCsw accelerates the function corresponding to the first
application program 12-1 in operation S228.

FIG. 8 is a flowchart of an operation method of the data
processing system 1 illustrated in FIG. 1 according to an
exemplary embodiment of the present inventive concept. As
described above, the default accelerator ACCdef is the accel-
erator that has been decided according to a result of compar-
ing power consumption of a hardware accelerator with power
consumption of a software accelerator. Referring to FIGS. 1,
2 and 8, when power (or voltage) is supplied to the SoC 10, a
dynamic voltage and frequency scaling (DVFS) program
12-6 that has been stored in the memory 14 or 21 is loaded to
the RAM 16 and then to the memory of the CPU 12. The
DVFS program 12-6 may control or determine an operating
voltage and an operating frequency of the CPU 12, taking a
load (or workload) on the CPU 12 into account.

When the accelerator controller module 12-2 receives the
acceleration request signal ACC_REQ generated by a
requestor, e.g., the first application program 12-1 in operation
S310, the accelerator controller module 12-2 detects or deter-
mines whether the default accelerator ACCdef for the first
application program 12-1 is a hardware accelerator ACChw
(i.e., the hardware accelerator 18) or a software accelerator
ACCsw (i.e., the software accelerator 12-4) based on the
accelerator information SI stored in the table 12-3 in opera-
tion S312.

When the default accelerator ACCdef is the hardware
accelerator ACChw 18, the accelerator controller module
12-2 determines a current state of the hardware accelerator
ACChw, that is, whether the hardware accelerator ACChw 18
is currently operating in operation S314.

When the hardware accelerator ACChw 18 is not operating
at the moment, the accelerator controller module 12-2 drives
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the hardware accelerator ACChw 18 using the hardware
accelerator driver 12-5 in operation S316.

However, when the hardware accelerator ACChw 18 is
operating at present, that is, when the hardware accelerator
ACChw 18 is processing a function corresponding to a dif-
ferent application program, the accelerator controller module
12-2 determines whether to use the hardware accelerator
ACChw or the software accelerator ACCsw based on a result
of comparing a current usage of the CPU 12 with a reference
usage in operation S318.

The reference usage may be predetermined and stored in
the memory 14 or 21 in advance. In addition, the accelerator
controller module 12-2 may adjust the reference usage based
on information input through a user input interface (not
shown) that the accelerator controller module 12-2 can com-
municate with through the bus 22.

In an exemplary embodiment, the accelerator controller
module 12-2 determines whether the DVFS program 12-6 is
being executed in operation S320. When it is determined that
the DVFS program 12-6 is being executed, the accelerator
controller module 12-2 obtains information about a current
operating voltage of the CPU 12 and information about a
current operating frequency of the CPU 12 from the DVFS
program 12-6 and checks a load on the CPU 12.

The accelerator controller module 12-2 compares an oper-
ating frequency Fre_cur corresponding to a current usage of
the CPU 12 with athreshold frequency Fre_thr corresponding
to the reference usage and outputs a comparison signal in
operation S322.

When the operating frequency Fre_cur is greater than the
threshold frequency Fre_thr in operation S322, the accelera-
tor controller module 12-2 waits for the operation of the
hardware accelerator ACChw to complete in response to the
comparison signal in operation S324 and then executes the
hardware accelerator driver 12-5. In other words, the accel-
erator controller module 12-2 does not select the software
accelerator ACCsw but selects the hardware accelerator
ACChw to reduce overload on the CPU 12.

Accordingly, the hardware accelerator driver 12-5 drives
the hardware accelerator ACChw to accelerate multimedia
corresponding to the first application program 12-1 in opera-
tion S316.

However, when the operating frequency Fre_cur is not
greater than the threshold frequency Fre_thr in operation
S322, in response to the comparison signal, the accelerator
controller module 12-2 determines a current state of the soft-
ware accelerator ACCsw, that is, whether the software accel-
erator ACCsw is currently operating in operation S326.

When it is determined that the software accelerator ACCsw
is not operating at present, the accelerator controller module
12-2 starts or executes the software accelerator ACCsw in
operation S328. However, when it is determined that the
software accelerator ACCsw is operating at present, that is,
when the software accelerator ACCsw is processing multi-
media corresponding to a different application program, the
accelerator controller module 12-2 waits for the software
accelerator ACCsw to complete the current operation in
operation S330. Thereafter, according to the control (or con-
trol signal) ACC_CTR of the accelerator controller module
12-2, the software accelerator ACCsw accelerates the func-
tion corresponding to the first application program 12-1 in
operation S328.

When it is determined that the DVFS program 12-6 is not
being executed in operation S320, the accelerator controller
module 12-2 checks a current idle time Idle_cur of the CPU
12 in operation S332. When the idle time decreases, the load
on the CPU 12 increases.
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The accelerator controller module 12-2 compares the cur-
rent idle time Idle_cur corresponding to a current usage of the
CPU 12 with a threshold idle time Idle_thr corresponding to
the reference usage in operation S334.

When the current idle time Idle_cur is less than the thresh-
old idle time Idle_thr in operation S334, the accelerator con-
troller module 12-2 waits for the operation of the hardware
accelerator ACChw to complete in operation S324 and then
executes the hardware accelerator driver 12-5. Accordingly,
the hardware accelerator driver 12-5 starts or drives the hard-
ware accelerator ACChw to accelerate the function corre-
sponding to the first application program 12-1 in operation
S316.

However, when the current idle time Idle_cur is not less
than the threshold idle time Idle_thr in operation S334, the
accelerator controller module 12-2 determines whether the
software accelerator ACCsw is currently operating in opera-
tion S326.

When it is determined that the software accelerator ACCsw
is not operating at present, the accelerator controller module
12-2 starts or executes the software accelerator ACCsw in
operation S328. However, when it is determined that the
software accelerator ACCsw is operating at present, that is,
when the software accelerator ACCsw is processing a func-
tion corresponding to a different application program, the
accelerator controller module 12-2 waits for the software
accelerator ACCsw to complete the current operation in
operation S330. Thereafter, the software accelerator ACCsw
is started according to the control ACC_CTR of'the accelera-
tor controller module 12-2 in operation S328 to accelerate the
function corresponding to the first application program 12-1.

Asdescribed above, the accelerator controller module 12-2
may switch a default accelerator that has been set for each
application program based on power consumption between
heterogeneous accelerators dynamically and/or in real time
based ona current state of the default accelerator and a current
usage of the CPU 12.

In other words, the accelerator controller module 12-2 may
select one of heterogeneous accelerators as a default accel-
erator based on power consumption as a factor that deter-
mines the quality of the data processing system 1 or the SoC
10, then compare performance of the default accelerator with
performance of a non-default accelerator, and then switch or
change from the default accelerator to the non-default accel-
erator according to a comparison result.

For instance, when an MP3 player and a video player
operate during a given time, multi-acceleration can be per-
formed, that is, an MP3 decoder accelerator for the MP3
player and another MP3 decoder accelerator for the play of
audio at the execution of the video player can be simulta-
neously driven.

FIG. 9 is a flowchart of a method of selecting a default
accelerator for an application program based on performance
according to exemplary embodiment of the present inventive
concept. In the method illustrated in FIG. 9, a default accel-
erator is determined based on a result of comparing perfor-
mance of a hardware accelerator with performance of a soft-
ware accelerator.

Referring to FIGS. 1, 2 and 9, when accelerator setting
starts, the accelerator controller module 12-2 loaded to the
CPU 12 measures (or estimates) an acceleration time Thw
needed for a hardware accelerator ACChw allocated for an
application program to carry out acceleration in operation
S410.

The accelerator controller module 12-2 also measures (or
estimates) an acceleration time Tsw needed for a software
accelerator ACCsw allocated for the application program to
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carry out acceleration in operation S420. In the embodiment
illustrated in FIG. 9, operation S410 is performed before
operation S420, but operation S420 may be performed before
operation S410 in other embodiments.

For example, if a software accelerator ACCsw had previ-
ously taken 1 second and then 2 seconds to accelerate the
rendering of two different images, the acceleration time Tsw
could be estimated at 1.5 seconds. The computer system in
which the accelerators are run may record run periods of the
software and/or hardware accelerator for each application
program. The accelerator controller module 12-2 may be
configured to access this historical data to estimate the accel-
eration times. However, the computation of the acceleration
times is not limited thereto, as various other methods may be
used for measuring or estimating the acceleration times.

The accelerator controller module 12-2 compares the
acceleration time Thw of the hardware accelerator ACChw
with the acceleration time Tsw of the software accelerator
ACCsw in operation S430. For instance, when the accelera-
tion time Thw of the hardware accelerator ACChw is longer
than the acceleration time Tsw of the software accelerator
ACCsw, the accelerator controller module 12-2 selects the
software accelerator ACCsw for the application program as a
default accelerator ACCdef_pert in operation S440.

However, when the acceleration time Thw of the hardware
accelerator ACChw is not longer than the acceleration time
Tsw of the software accelerator ACCsw, the accelerator con-
troller module 12-2 selects the hardware accelerator ACChw
for the application program as the default accelerator
ACCdef_perf in operation S450. In other words, the accel-
erator controller module 12-2 selects as a default accelerator
for an application program, an accelerator having a shorter
acceleration time between a software accelerator and a hard-
ware accelerator.

The accelerator controller module 12-2 stores information
about the accelerator selected in operation S440 or S450 in a
table in operation S460. For instance, the table may be the
table 12-3 or a different one. The table may be stored in the
memory 14 or 21, then loaded to the RAM 16, and then loaded
to the CPU 12.

For example, when the SoC 10 illustrated in FIG. 1
includes “n” (“n” is a natural number) application programs,
“n” hardware accelerators and “n” software accelerators, the
accelerator controller module 12-2 may select a default accel-
erator for each of the “n” application programs based on
performance (e.g., an acceleration time) and store informa-
tion about the selected accelerator in the table the same as or
different from the table 12-3.

Accordingly, even when a hardware accelerator has been
set as a default accelerator for the first application program
APP1 based on power consumption, the default accelerator
for the first application program APP1 may be changed to a
software accelerator based on performance.

FIG. 10 is a flowchart of an operation method of the data
processing system 1 illustrated in FIG. 1 according to an
exemplary embodiment of the present inventive concept.
Referring to FIGS. 1 through 10, the accelerator controller
module 12-2 may select the default accelerator set based on
the power consumption in FIG. 4 or the default accelerator set
based on the performance in F1G. 9 according to a program or
a user’s request signal.

For instance, the accelerator controller module 12-2
receives a change signal ACC_fac in operation S510. The
change signal ACC_fac may be a signal input through a user
interface or a signal output from the CPU 12.

The accelerator controller module 12-2 determines
whether a default accelerator has been set based on the power
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consumption or the performance in response to the change
signal ACC_fac in operation S520.

Information about whether the default accelerator is set
based on the power consumption or the performance may be
stored in the memory 14 or 21. Accordingly, when the data
processing system 1 is booted or an application program is
executed, the accelerator controller module 12-2 may deter-
mine whether the default accelerator for the application pro-
gram has been set based on the power consumption or the

5

performance with reference to the information stored in the 10

memory 14 or 21 in operation S520.

For example, when the change signal ACC_fac is an
instruction to select the default accelerator set based on the
power consumption in operation S520, the accelerator con-
troller module 12-2 selects a default accelerator ACCdef
pow set based on the power consumption referring to a table.

However, when the change signal ACC_fac is an instruc-
tion to select the default accelerator set based on the perfor-
mance in operation S520, the accelerator controller module
12-2 selects a default accelerator ACCdef_perf set based on
the performance referring to the table.

As described with reference to FIG. 7 or 8, the default
accelerator ACCdef_pow or ACCdef_perf may be switched
with a non-default accelerator.

According to an exemplary embodiment of the present
inventive concepts, the accelerator controller module 12-2
may perform operations such as 1) selecting the default accel-
erator ACCdef_pow based on power consumption, ii) select-
ing the default accelerator ACCdef_perf based on perfor-
mance, iii) switching (or changing) the default accelerator
ACCdef_pow selected based on the power consumption, and
iv) switching (or changing) the default accelerator ACCdef _
perf selected based on the performance. For example, the
module 12-2 can switch between using a hardware accelera-
tor and a software accelerator according to the performance of
the hardware accelerator and the performance of the software
accelerator, and the module 12-12 can switch between using
a hardware accelerator and a software accelerator according
to the power consumption of the hardware accelerator and the
power consumption of the software accelerator.

When the CPU 12 is a multi-core processor including a
plurality of independent cores, a method of selecting between
a hardware accelerator and a software accelerator for each of
the cores as a default accelerator may be determined by the
power consumption or the performance of each core, as
described above. In this example, the accelerator controller
module 12-2 may perform the above-described four opera-
tions.

As described above, in at least one embodiment of the
inventive concept, a method and a SoC performing the
method switches between heterogeneous accelerators to
accelerate multimedia executed by an application program
using an accelerator controller module. The switching is car-
ried out based on power consumption and/or performance in
the SoC including the heterogeneous accelerators, thereby
reducing the power consumption of the SoC and increasing
the performance thereof. In addition, the SoC performs may
drive multiple heterogeneous accelerators at a time (multi-
acceleration driving), thereby increasing the acceleration per-
formance.

While the present inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in forms and details may be
made therein without departing from the spirit and scope of
the disclosure.
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What is claimed is:

1. A method for operating a system-on-chip (SoC), the
method comprising:

loading a table to a memory of a central processing unit

(CPU) of the SoC, the table comprising information
indicating a default accelerator assigned to an applica-
tion program;

receiving an acceleration request signal generated upon

execution of the application program;

in response to receipt of the acceleration request signal,

comparing a parameter of the CPU during a current
usage of the CPU with a threshold value to generate a
comparison signal; and

performing switching between a software accelerator and a

hardware accelerator among a plurality of heteroge-
neous accelerators based on the comparison signal and
the loaded information indicating the default accelerator
assigned to the application program, to accelerate a
function executed by the application program.

2. The method of claim 1, wherein the hardware accelerator
is implemented as a hardware device and the software accel-
erator is implemented as program code configured to be
executed by the CPU, and the software accelerator is loaded
from a memory to the CPU and then executed.

3. The method of claim 2, wherein the comparing occurs
when a default accelerator for the application program is the
hardware accelerator and the hardware accelerator is cur-
rently operating.

4. The method of claim 2, wherein the comparing occurs
when a default accelerator for the application program is the
software accelerator.

5. The method of claim 1, wherein the parameter is an idle
time of the CPU.

6. The method of claim 1, wherein the parameter is one of
an operating voltage of the CPU and an operating frequency
of the CPU.

7. A method for operating a system-on-chip, the method
comprising:

receiving an acceleration request signal generated upon

execution of an application program;

determining whether a default accelerator for accelerating

a function executed by the application program is a
hardware accelerator or a software accelerator in
response to the acceleration request signal, wherein the
software accelerator is implemented as a computer pro-
gram that is configured to be executed by a central pro-
cessing unit (CPU);

comparing a current usage of the CPU with a threshold

value to generate a comparison signal when it is deter-
mined that the default accelerator is the software accel-
erator or is the hardware accelerator that is currently
accelerating a different function; and

switching the default accelerator with a non-default accel-

erator according to the comparison signal.

8. The method of claim 7, wherein the determining is
performed based on accelerator information stored in a table.

9. A system-on-chip (SoC) comprising:

heterogeneous accelerators; and

a central processing unit (CPU) configured to execute an

accelerator controller module which generates a com-
parison signal and refers to information in a table loaded
into a memory of the CPU indicating a default accelera-
tor assigned to an application program for switching
between a hardware accelerator and a software accelera-
tor among the heterogeneous accelerators for accelera-
tion of a function executed by the application program,
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wherein the accelerator controller module compares a
parameter of the CPU during a current usage of the CPU
with a threshold value to output the comparison signal,

wherein the hardware accelerator is implemented as a
hardware device and the software accelerator is imple-
mented as a computer program code that is configured to
be executed by the CPU,

wherein the software accelerator is loaded from a memory
to the CPU and then executed.

10. The SoC of claim 9, wherein when the hardware accel-
erator is set as the default accelerator for accelerating the
function and is currently accelerating a different function, the
accelerator controller module switches the hardware accel-
erator with the software accelerator to accelerate the function
based on the comparison signal generated when an idle time
of the CPU that corresponds to the current usage is greater
than the threshold value.

11. The SoC of claim 9, wherein when the software accel-
erator is set as the default accelerator for accelerating the
function, the accelerator controller module switches the soft-
ware accelerator with the hardware accelerator to accelerate
the function based on the comparison signal generated when
an idle time of the CPU that corresponds to the current usage
is less than the threshold value.

12. The SoC of claim 9, wherein when the hardware accel-
erator is set as the default accelerator for accelerating the
function and is currently accelerating a different function, the
accelerator controller module switches the hardware accel-
erator with the software accelerator to accelerate the function
based on the comparison signal generated when an operating
frequency of the CPU that corresponds to the current usage is
lower than the threshold value.

13. The SoC of claim 9, wherein when the software accel-
erator is set as the default accelerator for accelerating the
function, the accelerator controller module switches the soft-
ware accelerator with the hardware accelerator to accelerate
the function based on the comparison signal generated when
an operating frequency of the CPU that corresponds to the
current usage is higher than the threshold value.
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14. The SoC of claim 9, wherein the parameter is an idle
time of the CPU.

15. The SoC claim 9, wherein the parameter is one of an
operating voltage of the CPU and an operating frequency of
the CPU.

16. A system-on-chip (SoC) comprising:

a hardware accelerator;

a memory configured to store an application program, an
accelerator controller module and a software accelera-
tor; and

a central processing unit (CPU) configured to control the
hardware accelerator and the memory, and execute the
application program, the accelerator controller module,
and the software accelerator,

wherein upon receipt by the accelerator controller module
of an acceleration request signal generated by the appli-
cation program, the accelerator determines whether a
default accelerator for accelerating a function executed
by the application program is the hardware accelerator
or the software accelerator in response to the accelera-
tion request signal,

wherein the accelerator controller module compares a cur-
rent usage of the CPU with a threshold value to generate
a comparison signal when it is determined that the
default accelerator is the software accelerator or is the
hardware accelerator that is currently accelerating a dif-
ferent function, and

wherein the accelerator controller module switches the
default accelerator with a non-default accelerator
according to the comparison signal.

17. The SoC of claim 16, wherein the accelerator controller
module is stored in the memory and determines the default
accelerator based on accelerator information about the
default accelerator.

18. The SoC of claim 16, wherein the accelerator controller
module adjusts the threshold value according to information
input from a user input interface.
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